A combination of tiletamine = zolazepam , xylazi ne and butorphanol provides deep surgical, long-durati on anaesthesia in guineapigs with a smooth induction and recovery period. T he described dosages mainly affec t the respiratory functions and blood gas param eters, with a minor-to-m oderate effect on the cardiovascular system.
In the past, several types of anaesthesia have been used in guineapigs. One problem with guineapigs is the reaching of a plane of surgical anaesthesia. In attem pts to achieve satisfactory anaesthesia, injectables as well as inhalat ion drugs have been tried. Among the more frequently used are fentanyl =¯u anisone: midazolam and ketam ine in combination with xylazi ne, diazepam or acepromazine (Flecknell 1987 , Barzago e t a l. 1994 , Radde e t a l. 1996 . Halothane and methoxyurane are also used for minor procedures (Bet t e t a l. 1980, Cooke 1987 , Flecknell 1987 .
A new experimental model in our facility required deep, long-durat ion analgesia and rapid recovery with minimal effects on physiological parameters. Several anaesthetic regimens were tested to assess both depth and duration of anaesthesia, effects on respiration and cardiovasc ular system, body temperature and blood gas param eters. After several preliminary tests a combination of tiletam ine = zolazepam (Zoletil 1 ), xylazi ne (Rompun 1 ) and butorphanol (Torbugesic 1 ) proved promising in terms of durati on and analgesic depth. T his paper describes the effects of this regimen in guineapigs.
Materials and methods

Anim a ls
Five male Dunkin±Hartley guineapigs, weighing approximately 300 g (Mo È llegaard Breeding Centre, Ejby, Denmark ) were used in the study. T he animals were held in a room with ‡ 19 3 C, 50 15% relative humidity and 18±20 air changes = hour. T he light was set on a 12 h schedule, with 30 min dawn and dusk periods. Feed (K1, Lac tamin, Sweden) and fresh tap water in drinking bottles were given a d lib itum . T he animals were housed in groups of two or three in type IV macrolon cages and acclim at ized for one week before use.
Drugs
Xylazine (Rompun vet 1 , 20 mg = ml, injectable, Bayer Sverige AB) given 5 mg = kg body weight intraperitoneally (i.p). Tiletam ine 50 mg = ml and zolazepam 50 mg = ml (Zoletil 1 l00, injectable, Reading = Virbac, Carros, France) given 60 mg = kg body weight i.p. (til etam ine = zolazepam dosage given as total amount of drugs administered). Butorphanol (Torbugesic 1 , 10 mg = ml, injectable, Fort Dodge, Iowa, USA) diluted 1:10 with saline (Natrium klorid 0.9% , injectable, Braun, Melsungen, Germany) and given 0.1 mg = kg body weight intramuscularly (i.m .).
Pa rt O ne : Va lid a tio n o f d ura tio n o f ind uctio n, ana lge sia a nd im m o b iliza tio n
Food and water were not withdrawn before anaesthesia. T he anim als were anaesthetized with xylazine:til etam ine = zolazepam 5:60 mg = kg body weight i.p. and butorphanol 0.1 mg = kg body weight i.m. Xylazine and tiletam ine = zolazepam can be mixed and used throughout the day, but initial studies indicated that butorphanol could not be added as it loses its effect during the day.
T he guineapigs were placed on a heated surface ( ‡ 37 C ) on a ventilated bench and observed during anaesthesia with regard to induction time, durati on of analgesia, duration of immobilizati on and behaviour during induction and recovery.
T he induction time was considered to be the time between injection and loss of the righting re¯ex. T he degree of analgesia was tested every 5 min on the inter-digital skin on a back paw with a haemostatic forceps closed to the ®rst notch. Analgesia was assumed to be achieved during the time when no withdrawal re¯exes were observed in response to this stim ulus. Immobilizati on was considered to be the time between the loss of righting re¯ex and regaining of the re¯ex. During induction and recovery, signs of restlessness, agitation or movements without full motor control were recorded. After recovery, the animals were returned to their cage.
Pa rt Tw o : Va lid a tio n o f d ura tio n a nd d e pth o f a na lgesia , as w e ll a s ph ysio lo gica l pa ra m e te rs
T he animals were allowed to recover for at least one week after the ®rst anaesthetic. Food and water were not withdrawn before anaesthesia. T he guineapigs were anaesthetized with the same combination described above. Once the anim al was im mobilized it was placed in dorsal recumbency on a heating pad, set at ‡ 37 C, with a temperature probe placed in the rectum (CMA 150, CMA = Microdialysis, Stockholm, Sweden). T he animal was attac hed to a pulsoxymeter (Ohmeda Biox 3700, Louiseville, CO, USA) with an ear probe placed proximal to the tarsal joint. T his measured peripheral blood oxygen saturation and heart rat e. A suture sling was placed in the skin in the left caudal thoracic area and attac hed to a Grass Force displacement transducer FT 03 C (Grass Instrument Inc., Quincy, MA, USA), connected to a Grass 7D Polygraph (Grass Instrument Inc., Quincy, MA, USA) to register respiratory rate. To assess when surgical anaesthesia has been achieved, the degree of analgesia was tested every second minute after induction by pinching the inter-digital skin on the bac k paw with haemostatic forceps closed to the ®rst notch. Ten minutes after induction, with the withdrawal re¯ex absent, one PE-50 catheter (Intramedic, Clay Adam s 1 Brand, Becton Dickinson, USA), ®lled with heparinized saline (50 U = ml), was placed in the carotid artery and at tached to a pressure meter (Combit rans 1 , B. Braun, Melsungen, Germany), connected to the polygraph, recording the mean arterial blood pressure. A second cat heter was placed in the other carotid artery for sampling blood for blood gas analysis (Radiom eter ABL 500, Copenhagen, Denmark ). T he cat heter was ushed and ®lled with 100±200 ml heparinized saline at introduction and aft er every blood sampling. T he animals breathed room air spontaneously.
Mean arterial blood pressure, respiratory rate, body temperature, peripheral blood oxygen saturation and heart rat e were recorded every 10 min, and blood was sampled for blood gas parameters every 30 min and analysed within 5 min. T he degree of analgesia was assessed every 15 min through pinching the toes over the medial phalange on the back paws with haemostat ic forceps, closed to the ®rst notch, and through cuts in the edge of the skin wound on the neck with a pair of scissors. Deep surgical anaesthesia was considered to be present when no reaction followed the toe pinching or the skin cutting, neither in blood pressure, heart rate, respiratory rate nor in withdrawal re¯exes. Moderate surgical anaesthesia was considered to be present during the tim e period from the ®rst reaction to toe pinching occurring until skin cutting produced reactions. As soon as a stim ulus evoked a re¯ex, it was discontinued. T he anim als were euthanased with an overdose of pentobarbital (Pentobarbitalnat rium, 60 mg = ml, Apoteksbolaget, Sweden) through the catheter as soon as the animal reacted to skin cutting.
Results
All results are presented as mean values along with the range.
Pa rt O ne
Induction time was between 1 and 4 min (m ean 1.7 min), with a calm behaviour during that time. Analgesia was achieved within 15 min (m ean 8 min) aft er induction and lasted for a mean of 74 min (64±96 ). T he anim als were immobilized for a mean of 149 min with the range of 110±153 min (Table 1) . Recovery was also calm and uneventful.
Pa rt Tw o
Anaesthesia was produced in all animals. All anim als reached a depth of surgical anaesthesia within 10 min of induction. T he temperature remained within ‡ 36±38 C during the whole procedure in all of the guineapigs.
Deep surgical anaesthesia lasted for a mean of 66 min (range 65±70 min) and moderate surgical anaesthesia for another 43 min with the range of 40±55 min (Table 1) . Mean respiratory rate dropped from 66 breaths = min shortly after induction of anaesthesia to 25 breat hs = min 30 min later. During the next 90 min the rate increased slowly, to 37 breat hs = min at the term ination of the experiment (Fig 1) . Mean heart rate decreased during the ®rst 10 min of anaesthesia, from 252 beats = min to 218 beats = min but then remained stable for the rest of the experiment, between 199±210 beats = min (Fig 2) .
T he mean arterial blood pressure decreased slowly during the anaesthetic period, from 46 mmHg 20 min after induction to 35 mmHg at term ination (Fig 3) .
Peripheral oxygen saturation of the blood remained steady during the whole measuring period, and varied between 86 and 90% (Fig 4) .
In the analyses of the blood gas parameters, mean pH was between 7.36 and 7.44, increasing with tim e; mean paCO 2 between 7.9 and 7.4, decreasing with time, and mean paO 2 between 7.2 and 6.8, decreasing with time. Base excess (BE) and HCO ¡ 3 
Discussion
Several anaesthetic regim ens immobilize guineapigs, but surgical anaesthesia is dif®cult to achieve, especially a long period of surgical anaesthesia with a short recovery period.
Tiletam ine = zolazepam is a combination which has been used for a large variety of animals (Lin e t a l. 1992, Reading = Virbac ). Tiletamine is a dissociative anaesthetic with a longer duration of acti on than ketamine. With the addition of zolazepam , in order to reduce tiletam ine's catalept ic effect, anaesthesia with relaxed muscles is achieved (Lin e t a l. 1992 ). T he combination has a stimulatory effect on the cardiovascular system in rats and other species (Lin e t a l. 1992, Wilson e t a l. 1993). In attem pts to improve the anaesthetic effects, xylazin e or butorphanol have been added and used on rats and horses (Marnt ell & Nyman 1996, Wilson e t a l. 1992 ). However, the addition of xylazine and butorphanol decreases the cardiovascular stim ulation in rats and may result in hypotension and bradycardia, depending on the dose. Respiratory depression aft er tiletam ine = zolazepam administration is seen in several species (Wilson e t a l. 1992 , Wilson e t a l. 1993 ). An injection of xylazine or butorphanol had no major additional effects on respiratory depression in rats (Wilson e t a l. 1992 ) , but a-2-adrenoceptor agonists and opioids are known to decrease the sensitivity of the brain to CO 2 as well as reducing the respiratory rate (Green 1979 , Flecknell 1987 , Kaartinen e t a l. 1991 .
Tiletam ine = zolazepam has been tested on guineapigs at a dosage of 10±100 mg = kg body weight but this did not produce satisfactory analgesia (Ward e t a l. 1974, Lin e t a l. 1992, Radde e t a l. 1996, own observations). In this study, both xylazine and butorphanol were added to increase analgesia since preliminary studies, when only xylazine was added, revealed reactions in blood pressure after toe pinching. (13, 17, 18, 19) T he results in this study show a moderate depression of the cardiovascular system, with decreases in mean arterial blood pressure (from 46 to 35 mmHg) and heart rate (from 252 to 199 bpm ). Normal values in unanaesthetized animals are reported to be between 53±97 mmHg and 230±380 beats = min, respectively (Brown e t a l. 1989 , Wolfensohn & Lloyd 1994 . Ketam ine:xylazine anaesthesia in guineapigs induces a minorto-m oderate decrease in mean arterial blood pressure and heart rate, corresponding to the results in this study (Hart e t a l. 1984, Brown e t a l. 1989, Barzago e t a l. 1994). T he effects on the cardiovasc ular system are probably due to the addition of xylazi ne, with typical a 2 -agonist acti ons (Green 1979 , Flecknell 1987 , Kaartinen e t a l. 1991 .
T he effects on respiratory functions and blood gas parameters are more substant ial. A decrease in respiratory rate is seen, along with a decrease in blood oxygenat ion and increase of CO 2 in the blood, compared to reported normal values (Bar-Ilan & Marder 1980 , Alarie & Stock 1988 , Brown e t a l. 1989 ) ( Table 2 ). Blood oxygen saturation should be kept over 75% , preferably over 85±90% in anaesthetised animals (Fleck nell 1997 ).
T he mechanism behind this change is probably a depressive action on the brain, leading to less effective ventilat ion of the lungs with increased retention of CO 2 and decrease in the oxygenation of the blood. As sensitivity to CO 2 in the brain can be decreased by the opioid (Kaarti nen e t a l. 1991), respiration might be driven by the lower oxygen saturation. T hese effects can be a result of all the components in the mixture, working in combination (Green 1979 , Kaartinen e t a l. 1991, Lin e t a l. 1992, Wilson e t a l. 1993). Contributing factors might also be a lower blood pressure and a mild bradyc ardia, giving a reduced perfusion of the lungs, along with the fact that the animals are breathing room air spontaneously, without any supportive action.
Given the paCO 2 values, a decreased arterial pH in the blood would be predicted, but instead a mild increase of pH and a rise in the base excess and HCO ¡ 3 concentration were detected, indicating a metaboli c alkalosis. Xylazin e and other a 2 -agonist, as well as tiletamine are reported to cause diuresis (T hurmon e t a l. 1978, Mohammad e t a l. 1989, Kaart inen e t a l. 1991, Lin e t a l. 1992, Shockley e t a l. 1993 ), excretion of Na ‡ and K ‡ (Moham mad e t a l. 1989, Kaart inen e t a l. 1991) as well as retention of H ‡ (Kaartinen e t a l. 1991 ), and a few studies have reported a metabolic alk alosis (Brearley e t a l. 1990 , Aminkov & Hubenov 1995 following their use. It is probable that the respiratory acidosis is masked by the metabolic alkalosis caused by altered ionic transport in the kidney. T he slow decrease of mean arterial blood pressure might also be caused by the diuresis.
Slightly different methods for assessing analgesia were chosen in Part One and Part Two of the experiment. A simple method for causing a painful stimulus, re¯ecting a surgical intervention, was required in Part Two. In pinching the toe across the medial phalanges, the skin and bone are damaged. T hat method would not be justi®ed in animals regaining consciousness or during induction, and this is why pinching the inter-digital skin was chosen instead in Part One and during induction. T his is also most certainly the explanat ion for the different duration of analgesia in the two parts. In continuing the assessment of depth of anaesthesia during the remaining anaesthesia, the toe pinching method lost its value at the same moment it provoked withdrawal re¯exes and it was not used aft er that. As a method of in¯icting a milder stim ulus, to distinguish between deep and moderate surgical anaesthesia, a cut in the edge of the skin wound was chosen.
T he described combination of anaesthetic drugs induced deep surgical anaesthesia of long duration in guineapigs with a smooth induction and recovery period.
In monitoring the physiological functions, moderate and perhaps acceptable effects on the cardiovascular system were found, whereas the effects on the respiratory function and blood gas param eters need im provement. T he hypoxia could simply be im proved by the administrat ion of oxygen, but this might also reduce the respiratory drive and thereby increase the hypercapnia. T his issue needs further investigation.
Adjustm ents of the respirat ory effects, the effects on blood gas parameters and the durati on of immobilization with retained analgesic properties, would represent further improvement in this method of anaesthesia.
